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Abstract 


This paper is dedicated to study the algebraic properties and substructures that are related to the symbolic 18 and 
19 plithogenic square matrices, where we present many different theorems and examples to clarify the 
computation of symbolic 18 and 19 plithogenic determinants, and finding 18-plithogenic and 19-plithogenic 
eigenvalues and eigenvectors. On the other hand, we provide algorithms for computing the inverses of symbolic 
18-plithogenic and 19-plithogenic matrices with necessary and sufficient conditions for the orthogonality of 
those matrices. 

Keywords: symbolic 18-plithogenic matrix; symbolic 19-plithogenic matrix; eigenvalue; eigenvector; 
orthogonal matrix 


1. Introduction 

The study of plithogenic sets began as a generalization of both fuzzy and neutrosophic sets in [2], where these 
sets were used in the construction of extended algebraic constructions of classical algebraic structures, where we 
see a direct use of plithogenic sets in in the expansion of matrices [8,19], vector spaces and modules [3-5], and 
even integers [6, 17-18]. 

The study of matrices is fundamental in mathematics in general because of its wide applications, where many 
researchers around the world have studied them in detail, in terms of finding methods, values and associated 
eigen-spaces, and also applied in solving equations and ring theory [1, 12-16, 19-25]. 

Plithogenic matrices of different ranks from the second to the seventeenth rank [7,9, 10-11, 27-28] were studied, 
where the researchers determined effective algorithms for calculating the determinants of these matrices and 
their special values, in addition to their orthogonal conditions. 

This is what prompted us to follow up the previous efforts and generalize the results to include the plithogenic 
matrices of the eighteenth and nineteenth ranks, where we were able to find relationships that allow calculating 
the scales of these matrices and their natural forces, in addition to calculating the special vectors and their special 
values. 

The necessary and sufficient conditions have also been defined for these matrices to be orthogonal. 


2. Main Discussion 

Definition: 

The square 18-plithogenic matrix is defined: 

T =T) + V8, TP: 3 (TOnxn iS square matrix of real entries. 
Example. 

Consider the symbolic 18-plithogenic matrix: 
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-6 -9 1 12 123 -1 —96 —-8 38 65 =5°S5 

aa ( iL 56) . (65 a) P + 12, aPe+ ; C9 1) * Gre a)? we 5 ~3)Ps 7 
41-1 74 s) in is yrs 1 CG 0) Pe iG : he ’ Ue 2 bat 19 

(1 ~9) Pis + (54 ~g ) Pia + (5 ~g) Ps + (3, “3 ) Pie + G ~g) Pir + (~ 1 Pi 
Definition. 
Let tT = T) + ¥78, T;P; be a symbolic 18-plithogenic matrix of size n x n, hence: 

dett = det(to) + [det(dj- o Ti) — det(tTo)]P, + [det(Y7_ ot) — det(Xi- o Ti) )P2 + [det(o# oT) — 
det(Zj-o Ti) Ps + [det(Liio ti) — det(Lio ti) Pa + [det(L#o 71) — det(LiLo 7) ]Ps + [det(Lfo 7) — 
det(Y?-o Tj i)|Ps + [det oti) — det(%e9 t;)|P, + [det(8_, T;) — det(-9 T;) Ps + [det(?-9 T)) — 
det(d7- ie [det(dj2o t1) — det(X7_ leat [det(Xj25 t,) — det(Li2 9, 1) IPas + [act 22 jt)= 
det(Dj2 tT) Paz + [det(Xi2 3oT) — det(dj2 2 TI Pis + [det(di2 40t)) — det(di2 35 1Pi4 + [det(d}25 7:) - 
det(Di45 71) |Pis + [det(Xi8o 11) — det(X72o 71) Pre + [det(XiZ t,) — det(Li8o t:)]Pi7 + [det(X7% 1) — 
det(Xi2o ti) Pus. 

Theorem 

Let T = T) + ¥}8, 1;P; be a symbolic 18-plithogenic matrix of size n X n, hence: 

1. Tis invertible if and only if det t is an invertible symbolic 18-plithogenic real number. 

2 tea + Seo my Jar iOesa) Ont) lA Oe 
(Shots + (Okt) - DR tA + [hati - hot] Ps + [O81 7) - 
(Se0%) | Ps + (Ore it) = Oot) 1, +1 ert) ~ Qin ot) IP (Oat = 
OE i Poe + (is i= a) = OE oti) Wig lOert) = Oe i= aot) Pat (Oe) = 
(ot) Pre + (OE tt - Eo te) Ps + [OE wt — Eo 1) + [CUE 1s) - 
(rio ta] Pas + [CU#8, 7+ — (D#ot1) | Pas + (OE 71)" - ES 7) Py + [38 4) - 
(Diz Ti) "Pas. 


Proof 
1). Let tT = T) + ¥78, 7;P;, then T is invertible if and only if there exists ] = Iy + )78, 1, P; such that: 
TX] = Unyyn, hence: 
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Tolo = Unxn 
rT r 


;1<r<18 
Ya dt = Unxn 


i=0 i=0 
Hence det()j~y T;) # 0 for all 1 <r < 18, so that det(r) is invertible in 18 — SP. 


2). Mol, = ove ot) ‘for 1 <r < 18, therefor 
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ee + [Lom)~* — Dots) Ps + [ot — hot) IPs + 
[hott - hot) *1P, + (oo 0%) — Oho) *] Ps + [Oho t-* - (Zot) | Ps + 
(Co79t)t - OE a WP, + [hott — Ghoti) MPs + [Bho tit - Who ti) IPs + 
[28,17 — Lig tI) 1Pho + [eo 7) — O32 2) Pha + [Oa20 7)" — Cao 7) "1Pke + 
[Coo t1)7t - (Eo ti) Prat [fo ti)? - (Eo 11) Prat [CDE ti) — aio 7i)*] Pas + 

[cots tit — (DES 21) | Pas + [C20 ti)? — CUES ta) tVPay + [C80 7)-t — Eo 1) Pe. 


Definition. 


Let ¢ = €9 + 8, &;P; be a symbolic 18-plithogenic real number and t = ty + )j72,7;P; be a symbolic 18- 
plithogenic square real matrix, then € is called symbolic 18-plithogenic eigen value if and only if TX = eX. 


X is called symbolic 18-plithogenic eigenvector. 
Theorem: 


Let € = & + 2, eiP; € 18 — SPp, X = Xo + Yj2, X;P; be a symbolic 18-plithogenic vector, then ¢ is eigen 


value of tT = T) + ¥}8, t,P; with X as the corresponding eigen vector if and only if: 
Yieo €i is eigen value of )}/_, 7; with )/_, X; as eigen vector with 0 <j < 18. 
Proof: 
It is clear that r is an eigen value of t with X as an eigen vector if and only if: 
t.X = €.X, which is equivalent to: 

Foy = = a 


Yuya Ye 


Which i 1S equivalent to: 


j 
;1<j<18 
X;’ 
0 


i= 


Yi) eo & is an eigen value of ys T;, with ae X; as an eigen vector for all 1 <j < 18. 


Theorem: 
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Theorem: 

Let tT = T) + ¥/2, 1; P; be a square 18-plithogenic invertible real matrix, then: 
1). det(t~") = (det r)1 

2). det t* = dett 
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3), det(t.Y) = dett.detY;Y=Y¥,+ D338, V/A. 
Proof: 
1). dett~+ = det(t) 1) + P,[det(Si.g 1) 1 — det (t)~1)] + [det(X7L9 T; a det(Siio tT) 11P> + 
[det(SP.41)-! — det(Sho ti)” _ + [det(Sh.1)-! — det(Sfot)*1F, + [det(SEi tr) | 
det(Et on | Ps + (acts. iti)? —det(Deoti) | Ps + [det(X7 a 1 — det(Sfgti) IP; + 
[det f_1 1) "* — det Xio ti)~ + [det (X?_ =1 Ti) >= det ot "Py + [det 72, t1)7* — 
det (Yj T; ) Pio * [det(di2, Ti) “1 — det(Yj2o =o th) Pi. + [det(yj2 i=1 i) = det (Nizo T;)*|Pa2 + 
[det (X33, 1,1 — det (Li), Wis + [det is, 11)? — det (D357) *1Py4 + [det(ZIS, 11) 
det(Z}4,1;)"1| Pas + [det(Di, 1) — det(ZH5) 71) "| Pas + [det(L¥Z, tt — det (Lh 71) Pir + 
[det (M78, t1)~* — det ti)" *]Pig = (dett)-?. 
2).t8 = Tob + 7yP, + 12°Pp + 73°P3 + 14° Py + 15°Ps + 66 Po + T7°Py + Te' Pg + To!Py + 719! Pig +7415 Py1 + 
T12'Py2 a T13'Py3 + Gia Pes a3 T15‘Pis + T16 Pig + T17' Piz + T1g Pig. 
dett’ = det(t,)") + [det (Yj-o T;°) — det(t)")|P, + [det (Xj-o e= det (Yj-o T;)|P2 + [det (Yo Oe 
det (Dio ti')|Ps + [det Dio 1:5) — det(ro ti) + [det(L?-o ti") — det Dio 1") ]Ps + [det Hho ti’) — 
det ( ate) /P. + [det(dj_ tO det (re. oti DIP, + [det(dP_ oti) — det Of 0 Ti )IPs + 
[det (i ot’) — det (i oti )IPy + + [det (Zino Gi) det Oy ot )IPio + [det (Li= oT ad 
det (Lilo ti) Pir + [det Xj2y ;°) — det Chizp i") Paz + [det j2y 7;") — det (i= oT: ) Piz + 
[det(di2 415) - det (diz STP + [det (Xi. i= ee det (Djs *7i) [Pas + [det(yi. ifoTi) — 
det (S725 Ti) |Pi6 + [det (Yizo Ti') — det (Dis ti) Piz + [det (Xi8o t;°) — det (izZo Ti") Pag = det(t)) + 
[det(S3.9 71) — det(t))]P, + [det(2., T)) — det(Yixo Ti) ]P2 + [det(Xj-o t1) — det(Lio Ti) ]P3 + 
[det(X fio 1) — det(Lieo TA) Pa + [det(Dho 7) — det(Liio 1) |Ps + [det(Xfo t;) — det(LP.o ti) |P. + 
[det(X7-o Ti) — det(Xfeo TIP, + [det(XfLo t1) — det(X feo Ti) Pp + [det(X7ao T)) — det(X fo T1) Po + 
[det(D 2, t;) > det(Zi-o Ti) Pio + [det(dj25 t)= det(Xj25 T)|Pi1 + [det(Dj25 ti) det(Ni2o T)|Pi2 + 
[det(X}35 t1) — det(Li25 t:) Piz + [det(Xj4q t;) — det(Xi3p t1)]Pi4 + [det(Xi2o t:) — det(Zi4o 7) |Pis + 
[det(diS, t,) — det(Xi2 5 1,) [Pie + [det(XiZo tT) — det(X iS ti) Piz + [det(Xi2y ti) — det(XjZo ti) Pig = 
dett. 
3). we have: 
T.Y = TY + [Dizo Ti Bina Mi = tol Pi? Dw tol > ea tee lo eb co 
feo Ti Dizo VIPs + DeiLo Ti i Die Lae eee a0 FilPa + [i071 ee 64 -Lewile oY: |Ps + 
eet lee —Licot iso iP ++ [eieo lteot — Lee 0% Dieo YPy + Deedee 
ete 0 YilPs + [Ez e a= Diese 11S8, YIP + [ 1954, 2, ¥; — Diao Ti Dizo YilPio + 


Dei2oT. Sere — Yixo Tj TOY IPi + Bizet pest ¥j,- Yio Tj er Y;|Py2 + [ei20 Tj a a 
127, 2 oP + Dae os Lico ¥e= ye oti ee by 6 Tj ri Miro Y= Dito ti Dito Vi|Pas + 
Diieo ey Aap arn 15 [Pye + eto T Lico Yt — Lio Ti Deco VilPar + DeiSe t1 Divo Yi — 


pein s® vee oe 
det(t.Y) = det(tT)¥o) + [det(Yj-o A; dis Y;) — det(ApYo)|P, + [det (Yo A; Lio Y= 
det (izo Ti Dico Yi) Pe + [det Dio Ti LiLo Mi) — det io Ti Dko Yi) Ps + [det Do ti Dio YD — 
det (Dio Ti Lo YIP, + [det(Lho ti Xie oY) — det Dot Dit ae [det (MP9 T Leo Ni) — 
det (Yio Ti Dizo %)|Ps + [det Whoo ti Uieo %) — det (Who Ti LiLo YP, + [det none eo oe 
det (Yio Ti Lio Yi) Pe + [det Xj=o Ti x, Y,) — det (YP. oT o Yi) ]Py + [det(Xi2 =o Ti Pee ee 
det (Seo Tj vied Wile + [det (Yj Tj = ao) — det io =0 Ci i =0 Yi) )Par + [det(dj2, =0 Ci pa i= 
det (iso Tj Yizo Y¥) Paz + [det (Yio ti Diso Yi) — det (Di20 Ti Dizo YI Pais + [det(Liso t; Lizo Yi) — 
det (Yi2o tide oY) IPrs + [det (X80 ti DiS Vi) — det Qizot i Lito Yi) |Pas + [det (io ph a 4 
det (Yi. oti 120 Ci) |Pas + [det(djZ oe o Yi) — det (Xi2 ee 0 CilPiz + [det O85 ti Dik Yi) — 
det Oat x C;)|P,7 = det(t))det(Co) + [det(d}_ oF) det(X/_, 4) - det(r).det(d/=} Y¥i-1)|P; = 
det (t)det(Y); i <j <18. 


Definition. 

Let tT =T) + ¥}8, 1; P; be a symbolic 18-plithogenic real square matrix, then: 
T is called orthogonal if and only if t* = t7?. 

Theorem: 

T is orthogonal if and only if van T,; O <j < 18 are orthogonal. 


12 
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Proof 

t' =171, hence: 

tof + UE, P; = tot + [ho ts)? - to A + [20t)t - = oT, + [Cott - 

= oT) TPs + [Qo tt — D2ot) 1 + [Wo t:)  — kot] Ps + [oer - 
(Zkot:) | Po + (Lots)? — ho ty + [Bo tt -— ho ti) VPs + [O20 21)? - 

(Do tA) TPs + [289 tt — eo tho + [Mo t1)7t — (L825 11s + [E29 1)? = 


1 


(Sot) Pre + [OE ti)? - Eo te) Ps + [Oo tit - Bot) Pst (2H) | - 


(Dio ti)-*] Pas + [Cl¥7)-t — (DE t1) “| Pas + [CEH ti) - CBS 14) *1Pay + [C38 21)"+ - 
Oe ti) Pig, thus: 


13 
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This implies that: 
Tt =T)7! 


yen ti = (Lho ey 
pan To = (yet ti) 
Yio t= (Xho 1) 
pear t= (Si 1) 
Dito T= (Xo ti) 
pe Ti = (Xfo 1) 
Dieoti’ = ie oti) 


ioTi’ = (3? 0) 
t-oTi’ = (Lz. ee 

wis ti’ = (Zi “a 
Lito ti’ = (Zio 1)" 
Yeot’ =Wie ot) 
visti’ = (Zi ar 
Se aay 


i2oTi’ =(22 “ot) 
iso Ti’ = (ri st) 
izoTi® = (22 st) 
Dis ti =(r2 ae 


Definition: 

The square 19-plithogenic matrix is defined: 

T=T) + V2 TP; TOnxn is square matrix of real entries. 
Example. 

Consider the symbolic 19-plithogenic matrix: 


-6 -9 1 12 123 -1 —96 —-8 38 65 -5 -5 
_ ( i 56) * ls 31) a 12, 31) Pe i C19 16) * Cie a1)” ue ~3) Ps + 
4 =) Cs 4 s) ae (ss my ‘ i CG 0) Re tb ; ’ U2 Re ie : 

21 ~9) Pi +(4 ~g) Pa + ( ~g) is +(3) “3 ) Pie + (G ~g) Pir + (3 0) Pis + 
2 —-8 
Definition. 

Let T = T) + ¥}2, 7;P; be a symbolic 19-plithogenic matrix of size n X n, hence: 
dett = det(ty) + [det(Xj=o t) — det(t)]P; + [det(X 7-9 t;) — det(Xjxo T))] Pz + [det (X71) — 
det(DZo ti) ]Ps + [det(Lho ti) — det(Lio tA] Ps + [det(Lio ti) — det(LiLo ti) |Ps + [detLP-o ti) — 
det(D7_ st) [Ps + + [detQi- oti) — det(Lio ti) Py + [det(X j=» ti) — det(i- oi) Pa + [det(Xio Ti) — 
det(Yi-o Ti) ]Po + [det(Li2o ti) — det (Yio T:)] Pao + [det(Zizo ti) — det(Xi2o t1) Pur + [det(Xi2o ti) — 
det(Dj= tT) Paz + [det(Xi2 39) — det(dj2 20 TI Pa3 + [det(di2 =o) = det(di2 35 T1Pi4 + [det(di2 25) = 
det(Z}45 7) |Pis + [det(X}p 1,) — det(15 7) |Pre + [det (L125 11) — det(L}S, 7) ]Pay + [det(X}85 7) — 
det(YiZ 741) [Pea + [det(X72 3,44) - det(Xi= 8 tIPio. 
Theorem 
Let tT = T) + U}2, 7;P; be a symbolic 19-plithogenic matrix of size n x n, hence: 
1. Tis invertible if and only if det t is an invertible symbolic 19-plithogenic real number. 
2. Gag, oe (Ceo = tlt = et Oe) 
(Deo ti) Ps + [Ltt — Go Pa + [WE ti) - hot] Ps + [Oh 1) - 
(Shot) || Po + (O21 tt — hot 71P, + (8 tt - Bo ti) *Pa + [2 1) - 
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(ico T;)~*]Po + [Coie 70 (ito ti) Pig [Oia = ito t)- Pa [CZs tit 
Cio T;)*|Pa2 + [ies il (eo T;)~*|Pi3 + Kear %)= Oro Gy Pia [oer T;) i 
“ 2 =1 = = i 

(Loti)? Pas + [Cli 2)-t - (Loti) | Pas + (OE tt - CIS) tar + (8, 2)" — 
Ceot) Wat (On =i) iis. 

Proof 

1). Let t = T) + Dj2, 7; P;, then T is invertible if and only if there exists ] = Iy + Yj2, 1, P; such that: 

TX] = Uyyn, hence: 
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Tolo = Unxn 
rT r 


;1<r<19 
Ya dt = Unxn 


i=0 i=0 
Hence det()j~ T;) # 0 for all 1 <r < 19, so that det(r) is invertible in 19 — SPp. 
2). Mol, = ove ot) ‘for 1 <r < 19, therefor 


t* = t9* + [Dino % —T)*]P, + [Qi obi) * — ico Ti) *1P2 + [Bio t1)* — Qiao ti) 71 Pa + 


(hott — Dot) 71s + (oo oti) — hott] Ps + [Oot ae ae 
(Sot) t - OE ‘WP, + [Rot — Bho ti) WPs + [Bho tt — 89 ti) *1Po + 
(52,7? — eg TP + [ky ti)? — 8 1 Paa + [2p tt — BE 1 TPke + 
(Sota)? — (Eo 1) Prat [Mo 12)? - (Eo 1) Phat [(DS0 01) — ait tt] Pas + 
[oS ti)-t — (D821) | Pas + [CEE ti)? — CUES ti) tay + [CES 2)? — Oo 11) + 
[O20 is) ees (over T;)~*|Py9- 


[ 
[ 
[ 
[ 


Definition. 

Let € = €) + Y}2, €&;P; be a symbolic 19-plithogenic real number and t = T) + Yj2,7;P; be a symbolic 
plithogenic square real matrix, then € is called symbolic 18-plithogenic eigen value if and only if TX = eX. 
X is called symbolic 19-plithogenic eigenvector. 

Theorem: 


19- 


Let € = & + V2, e)P; € 19 — SP, X =X) + Vi2, X{P; be a symbolic 19-plithogenic vector, then € is eigen 


value of T = T) + Y}2, T;P; with X as the coneaponding eigen vector if and only if: 
L 9 &i is eigen value of YL =o Ti With y =o Xi as eigen vector with O <j < 19. 
Proof: 
It is clear that r is an eigen value of T with X as an eigen vector if and only if: 
t.X = €.X, which is equivalent to: 
eae = — 
j 
19 
y ; > a yoys 
i=0 0 


i= 


Which i is equivalent to: 


xy. 9 & is an eigen value of a =o Ti With x X; as an eigen vector for all 1 <j < 19. 


Theorem: 


1 
T= +P, (>) —To"| + ( 


i=0 
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Theorem: 
Let T = T) + ¥}2, 7;P; be a square 19-plithogenic invertible real matrix, then: 
1). det(t~") = (det t)“+ 
2). dett’ = dett 
3). det(t.Y) = dett.detY;Y=Y%+ >}, YP. 
Proof: 
1). dett~ = det(t) 1) + P,[det(Sig 1) 1 — det (t)~1)] + [det(X7L9 T; al det(S}iio tT) 11P> + 
[det (Sty m3)"? — det(Dhg m))*1Ps + [det (Sty)? — det(Dh ot) *1P, + [det(D24 7) - 
det (Shot ” Ps + [det(Xo., 4))-t — det(ZEot:) | Ps + coe 1 — det(Shgti) “IP; + 
[det t)* — det oti) ")P, + [det(X?_ =1 Ti) * — det(Yj- ot) *)Po + [det ics 2) 
det (}- at) "Pio + [det(diz aie) “1 — det(dj2 oti) "Pin + [det(dj2 =1 i = det (Nizo oe kar 
[det(dj2 it) . — det (iz Sit P13 + + [det(di2 4u) 7 — det(di2 eit) "|Pi4 + + [ace(a3s ‘a 
det(Z}4,1;)"1| Pas + [det(Di8, 1)" — det(Z}8) 71) "| Pas + [det(L¥Z, tt - det (Lh) 71)" Pir + 
[det(di2, cf gees det (Nizo T;)~* | Pag + [det(di2, ie — det (Dio T;)*]Pi9 = (dett)™*. 
2).t° =Too + 7,°P, + 2°Po + T3°P3 + 4'Py + t5°Ps + 166 Po + 7° Py + Te’ Pg + To’ Py + T19 Pig + 111° Pay + 
T12'Py2 a T13'Py3 ae T14' Pris + T15'Pis + T16 Pig a T17' Piz + T1g Pig “te T19‘Py9. 
dett’ = det(t)") + [det(Yj-o T;°) — det(t)")|P, + [det(Y7-o = det (Yij-o T;)]P2 + [det(YF_o i) = 
det (Yio Ti") |P3 + [det (Xho ti’) — det(Qho ti) Py + [det (XPo 1:°) — det ito ti’) |Ps + [det Xho 1:5) — 
det ous att) Pe + [det(X7_ eo det (V0.9 Ti) JP, + [detQre.g tit) — det (hep T;5) Ps + 
[det (d}_ rs det (xP ote )IP + + [det (Zino 7°) - det OE oti )IPio + [det (diz =oTi') a 
det Ge oti Pi + [det(dj2 a= det (Om T;)|Pi2 + [det(dj2 ot) = det (i= =0F T;)|Pi3 + 
[det (Yi4o ti") — det (Yi2 ri) Pia + [det (di. i= i ee) det (Djs a leeds [det(yi. ifoTi) — 
det (is T°) |Pre + [det (QjZ5 t;°) — det (DiS ti*) Paz + [det oj, 1;°) — det i121; Pis + 
[det (N25 Ti) — det (Li2o ;")]Pig = det(to) + [det(X io T;) — det(to)]P, + [det(Xfo t)) — 
det(Y ji Ti) |Po + [det(X2.9 T;) — det(Y7-9 T{)]P3 + [det(X#.,7;) — det(i2.5 7) ]P, + [det(y3_ oT) - 
det(SL oTi)|Ps + [det(Df_ oti) — det(d}- yt + [det()7-9 7) — det(he_, ;) ]P, + [det(o3. tT) - 
det(d7-0 Ti) Ps + [det(X?_ pt) det(Zi-o T;)]Po + [det(Xi25 a det(X io Ti) ]Pio + [det(Xi25 ti) — 
det(Yj25 T)|Pi1 + [det(Yj2, 1) = det(Yj2 =0 Ti) Piz + [det(dj2 6t) > det(Yj2 <0 Ti) |Pis + [det(yj2 Sat 
det(Ziro Tj) |Pra + [det(di- 1) det(Xi4o t)]Pis + [det(aie ie det(Di2o 71) | Pas + [det(XiZo 7) — 
det(Yj25 ti) ]Pi7 + [det(ij8, t) — det(iZ5 Ti) Pig + [det(j2, t;) — det(Xi8, t;) Pio = detr. 
3). we have: 
EY = tolp + Leo ee GG — tole Die Heo = Dien Fe ese le + eo a 

0G Lice WlPa + Dice Bea 8 — Lino Bicol Pet bea Tj Die % = ev Lied ak + 
[ no HOES fa Lito Tj Yieo Y;|P. a Deo dag Dee 2 Lixo YIP, of [Neo Deo 
ye oi Lico YilPs + [oie 9% Zi=o ¥i- ye 07 Dix oh [xi oo Ti Divo y= ye 2 Zino Pao + 
bee oti =e a 10.0, 5 SYP + [ye oti nh (a Ve mPa YP + be oti fen em 
pis 2% DE 2 Yi ]Pis + [Ett vs ap (i a 21D = YiIPia + [di i= ep Hea -yi2 “0% Dico Yi] Pas + 
[ mule = Dizot Tj pre Yi]Pie + Eeptiieo ~ Lied lace ae [Peot heat 

iz0 Ti Dizo VilPag + Dojzo Ti Lice Yi — ri, Ti Dio YilPr- 
det(t.Y) = det(ty)det(Cy) + [det(¥/_, t;).det(X/_, Y,) — det(t).det(Y/_1Y;_,)]P, = det(r)det(Y);1 < 
J <19. 


Definition. 

Let T = T) + Yi2, TP; be a symbolic 19-plithogenic real square matrix, then: 

T is called orthogonal if and only if t* = 171. 

Theorem: 

T is orthogonal if and only if 4 Tt; O <j < 19 are orthogonal. 

Proof 

t' =T"1, hence: 

to’ Piet = to (eo) ty 1 + (Oat) — Cit) 12 + (Oi) 

= = = -1 = = 

a 11)"*1P3 + a tt = Dot) + (kot) — hott] Ps + [Cont - 
Deots) | Ps + [zo ti? — eg 1) TP, + [O89 ti)? a oT) *1Ps + [29 ti)? - 

ao 7) ~*]Py + ae th) =Oeot) lho? (Oat) ert a Pla 
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Qrea 7) *|Py2 + [Dizo “= (Xi2Zo T;)*]Pi3+ [io a) = (Dio Ti) * |Past [ee ti) = 


(Niso 11)" Pist los T%;)* _ Orer ti) | Pig t Kean ti) _ io Ti)" Paz ae (eee ti) * aa 
Oo Ti) Pig a9 [e225 7 = (di2o T;)*| Pro, thus: 
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This implies that: 


t =i 
ae oti = (ie 0%) 
ioTi’ = (LE sm 
tot = (7 a) 
ino Ti® = (x a7 
roti’ = (LP ie) 
0 Ti ‘= (re ae 
i-oti’ = (27 a? ie 
jo Ti’ = = (3? eo. 


eae - Cla)” 
Divo ti =(r# “ot) 
izo Ti’ = (i. Bye)” 
iZoTi® =(22 Zot) 
Dizo ti’ = (22 sti) 
Lise ti =(22 ‘o) 
Dizo ti =(22 sti) 


Lig Vt = Oe Ti) 
Lie St =O t) 
pia vet? =e ti) 
pr tt =e ti) 
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